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SONOS DEVICE AND METHOD FOR
FABRICATING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a silicon-oxide-nitride-oxide-sili-
con (SONOS) device and fabricating method thereof.

2. Description of the Prior Art

Non-volatile memory devices are currently in widespread
use in electronic components that require the retention of
information when electrical power is terminated. Non-vola-
tile memory devices include read-only-memory (ROM), pro-
grammable-read-only memory (PROM), erasable-program-
mable-read-only memory (EPROM), and electrically-
erasable-programmable-read-only-memory (EEPROM)
devices. EEPROM devices differ from other non-volatile
memory devices in that they can be electrically programmed
and erased electrically.

Product development efforts in memory device technology
have focused on increasing the programming speed, lowering
programming and reading voltages, increasing data retention
time, reducing cell erasure times and reducing cell dimen-
sions. Some of the flash memory arrays today utilize a gate
structure made of dual polysilicon layers (also refers to as the
dual poly-Si gate). The polysilicon layer utilized in these gate
structures often includes a dielectric material composed of an
oxide-nitride-oxide (ONO) structure. When the device is
operating, electrons are injected from the substrate into the
bottom layer of the dual polysilicon layers for storing data.
Since these dual gate arrays typically store only one single bit
of data, they are inefficient for increasing the capacity of the
memory. As a result, a flash memory made of silicon-oxide-
nitride-oxide-silicon (SONOS) is derived. Preferably, a tran-
sistor from these memories is capable of storing two bits of
data simultaneously, which not only reduces the size of the
device but also increases the capacity of the memory signifi-
cantly. The operation of a typical SONOS memory is
described below.

During the programming of a typical SONOS memory,
electrical charge is transferred from a substrate to the charge
storage layer in the device, such as the nitride layer in the
SONOS memory. Voltages are applied to the gate and drain
creating vertical and lateral electric fields, which accelerate
the electrons along the length of the channel. As the electrons
move along the channel, some of them gain sufficient energy
to become trapped in the charge storage dielectric material.
This jump is known as hot carrier injection, in which the hot
carriers being the electrons. Charges are trapped near the
drain region as the electric fields are strongest near the drain.
Reversing the potentials applied to the source and drain will
cause electrons to travel along the channel in the opposite
direction and be injected into the charge storage dielectric
layer near the source region. Since part of the charge storage
dielectric layer are electrically conductive, the charged intro-
duced into these parts of the charge storage dielectric material
tend to remain localized. Accordingly, depending upon the
application of voltage potentials, electrical charge can be
stored in discrete regions within a single continuous charge
storage dielectric layer.

However, the ability for trapping and retaining electrical
charges under current SONOS architecture is still not perfect,
including shortcomings such as insufficient trapping sites for
charges as well as easy leakage. Hence how to effective
improve the current SONOS architecture to increase the over-
all performance of the device has become an important task in
this field.
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2
SUMMARY OF THE INVENTION

According to a preferred embodiment of the present inven-
tion, a silicon-oxide-nitride-oxide-silicon (SONOS) device is
disclosed. The SONOS device includes a substrate; a first
oxide layer on the substrate; a silicon-rich trapping layer on
the first oxide layer; a nitrogen-containing layer on the sili-
con-rich trapping layer; a silicon-rich oxide layer on the nitro-
gen-containing layer; and a polysilicon layer on the silicon-
rich oxide layer.

According to another aspect of the present invention, a
method for fabricating silicon-oxide-nitride-oxide-silicon
(SONOS) device is disclosed. The method includes: provid-
ing a substrate; forming a first oxide layer on the substrate;
forming a silicon nitride (SiN) layer on the first oxide layer;
performing a first silane soak process; injecting ammonia and
silane for forming a silicon-rich trapping layer on the silicon
nitride layer; forming a nitrogen-containing layer on the sili-
con-rich trapping layer; forming a silicon-rich oxide layer on
the nitrogen-containing layer; and forming a polysilicon layer
on the silicon-rich oxide layer.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiment that is illustrated in the various FIGURES and
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The FIGURE illustrates a method for fabricating a SONOS
device according to a preferred embodiment of the present
invention.

DETAILED DESCRIPTION

The FIGURE illustrates a method for fabricating a SONOS
device according to a preferred embodiment of the present
invention. As shown in the FIGURE, a substrate 12, such as a
semiconductor substrate composed of gallium arsenide
(GaAs), silicon on insulator (SOI) layer, epitaxial layer, sili-
con germanium layer, or other semiconductor materials is
provided. A tunnel oxide, such as an oxide layer 14 is formed
on the substrate 12, and a silicon-rich trapping layer 16 is
formed on the oxide layer 14 thereafter.

According to a preferred embodiment of the present inven-
tion, the silicon-rich trapping layer 16 could include a silicon
nitride layer 18 and a silicon-rich layer 20, such as a silicon-
rich SiN layer or a silicon-rich SiON layer. In other words, the
silicon-rich trapping layer 16 could include a composite layer
consisting of a silicon nitride layer 18 and a silicon-rich SiN
layer, or a composite layer consisting of a silicon nitride layer
18 and a silicon-rich SiON layer.

According to a preferred embodiment of the present inven-
tion, if a composite layer of a silicon nitride layer 18 and a
silicon-rich SiN layer were to be formed, an ammonia soak
process could be first performed on the oxide layer 14, and
then ammonia and silane are injected with a microwave—
plasma enhanced chemical vapor deposition (PECVD) pro-
cess to form a silicon nitride layer 18 on the oxide layer 14.
The ammonia soak forms a nitride rich interface monolayer
between the silicon nitride layer 18 and the oxide layer 14.
Next, a silane soak is carried out under plasma off on the
silicon nitride layer 18, and then ammonia and silane are
injected with plasma on to form a silicon-rich layer 20 con-
sisting of silicon-rich SiN layer. This forms a silicon-rich
trapping layer 16 consisting of a silicon nitride layer 18 and a
silicon-rich SiN layer.
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Alternatively, if a composite layer of a silicon nitride layer
18 and a silicon-rich SiON layer were to be formed, an ammo-
nia soak process could also be first carried out on the oxide
layer 14, and then ammonia and silane are injected with a
microwave PECVD process to form a silicon nitride layer 18
on the oxide layer 14. The ammonia soak forms a nitride rich
interface monolayer between the silicon nitride layer 18 and
the oxide layer 14. Next, a silane soak is performed under
plasma off environment on the silicon nitride layer 18, and
then ammonia, oxygen, and silane are injected with plasma
on to form a silicon-rich layer 20 consisting of a silicon-rich
SiON layer. This forms a silicon-rich trapping layer 16 con-
sisting of a silicon nitride layer 18 and a silicon-rich SiON
layer.

Preferably, the thickness of the silicon nitride layer 18 is
less than 10 Angstroms, and the thickness of the silicon-rich
layer 20, including silicon-rich SiN layer or silicon-rich SION
layer is less than 15 Angstroms, but not limited thereto.

According to an embodiment of the present invention, a
selective helium (He) pre-clean process could be carried out
before or during the silane soaking which was conducted to
form the silicon-rich trapping layer, in which the temperature
of the helium pre-clean is preferably greater than 300° C. In
addition, the silane soak could be performed under atmo-
spheric or sub-atmospheric environment in the same chamber
tool, which is also within the scope of the present invention.

Next, a nitrogen-containing layer 22 is formed on the sili-
con-rich trapping layer 16, in which the nitrogen-containing
layer 22 could include a silicon nitride layer or a silicon
oxynitride layer. Similar to the aforementioned method for
fabricating the silicon-rich trapping layer 16, if a nitrogen-
containing layer being composed of a silicon nitride layer
were to be formed, ammonia and silane could be injected
directly to form a silicon nitride layer. Alternatively, if a
nitrogen-containing layer being composed of a silicon oxyni-
tride layer were to be formed, ammonia, oxygen, and silane
could be injected directly to form a silicon oxynitride layer.
Preferably, the thickness of the nitrogen-containing layer 22
is between 10-30 Angstroms, but not limited therein.

It should be noted that even the aforementioned silicon-
rich trapping layer 16 includes two embodiments, such as a
combination consisting of silicon nitride layer and silicon-
rich SiN layer, or a combination consisting of silicon nitride
layer and silicon-rich SiON layer, plus that the nitrogen-
containing layer 22 also includes two material combinations
including silicon nitride layer and silicon oxynitride layer, the
silicon-rich trapping layer 16, if being composed of a silicon
nitride layer and a silicon-rich SiN layer, the nitrogen-con-
taining layer 22 is preferably composed of a silicon nitride
layer. Conversely, if the silicon-rich trapping layer 16 is com-
posed of a silicon nitride layer and a silicon-rich SiON layer,
the nitrogen-containing layer 22 is preferably composed of a
silicon oxynitride layer. Nevertheless, the material combina-
tions of the silicon-rich trapping layer 16 and the nitrogen-
containing layer 22 could be adjusted according to the
demand of the product, and not limited thereto.

Next, a silane soak is performed under plasma off environ-
ment on the nitrogen-containing layer 22, and oxygen and
silane are injected with plasma on to form a silicon-rich oxide
layer 24 on the nitrogen-containing layer 22.

Another oxide layer 26 could be selectively formed on the
silicon-rich oxide layer 24 thereafter, and then a control gate,
such as a polysilicon layer 28 is formed on top of the oxide
layer 26. This completes the fabrication of a core unit of a
SONOS memory according to a preferred embodiment of the
present invention. Next, a spacer (not shown) could be formed
on the sidewall of the core unit, and elements such as selective
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4

gate, source/drain regions, interlayer dielectric layer, sali-
cides, and contact plugs could be fabricated thereafter accord-
ing to the demand of the product.

It should be noted that even if a silicon-rich oxide layer 24
and an oxide layer 26 are formed between the nitrogen-con-
taining layer 22 and the polysilicon layer 28, the formation of
the oxide layer 26 could also be eliminated depending on the
demand of the product. As a result, only a single silicon-rich
oxide layer 24 is formed between the nitrogen-containing
layer 22 and the polysilicon layer 28. Alternatively, the for-
mation of the silicon-rich oxide layer 24 could be eliminated
selectively so that only an oxide layer 26 is formed between
the nitrogen-containing layer 22 and the polysilicon layer 28,
which is also within the scope of the present invention.

According to other embodiments of the present invention,
the process for forming the three material layers containing
silicon, including the silicon nitride layer 18, the silicon-rich
layer 20, and the nitrogen-containing layer 22 is not limited to
the approach disclosed previously, but could also be achieved
through ion implants, microwave PECVD, pulse laser, or high
energy radiation, which is also within the scope of the present
invention.

In addition, all the material layers containing nitrogen as
disclosed above, such as the silicon-rich trapping layer 16 and
nitrogen-containing layer 22, and/or all the layers from the
ONO stacked structure, including oxide layer 14, silicon-rich
trapping layer 16, nitrogen-containing layer 22, silicon-rich
oxide layer 24, and oxide layer 26 are preferably fabricated in
the same chamber tool, but not limited thereto.

Next, metals, composite metals or other materials could
also be used to replace the polysilicon layer 28 for forming a
memory device of different nature, which is also within the
scope of the present invention.

According to the aforementioned fabrication process, a
SONOS device is also disclosed, which preferably includes a
substrate 12, an oxide layer 14 disposed on the substrate 12, a
silicon-rich trapping layer 16 disposed on the oxide layer 14,
a nitrogen-containing layer 22 disposed on the silicon-rich
trapping layer 16, a silicon-rich oxide layer 24 disposed on
the nitrogen-containing layer 22, an oxide layer 26 disposed
on the silicon-rich oxide layer 24, and a polysilicon layer 28
disposed on the oxide layer 26.

Preferably, the height of the ONO stacked structure from
the SONOS device is between 30-60 Angstroms, in which the
thickness of the silicon nitride layer 18 from the silicon-rich
trapping layer 16 is preferably less than 10 Angstroms and the
thickness of the silicon-rich layer 20 is preferably less than 15
Angstroms. Additionally, the thickness of the nitrogen-con-
taining layer 22 is between 10-30 Angstroms, and the thick-
ness of the silicon-rich oxide layer 24 is less than 15 Ang-
stroms.

According to the aforementioned process and structure, the
SONOS device of the present invention includes following
features and advantages:

First, two interface layers, including a silicon-rich trapping
layer 16 and a silicon-rich oxide layer 24 are preferably added
into the ONO stacked structure of a conventional SONOS
device. The silicon-rich trapping layer 16 of the present
invention, including the two embodiments of a silicon nitride
layer and a silicon-rich SiN layer, or a silicon nitride layer and
a silicon-rich SiON layer, is preferably used to increase the
ability of the device for trapping charges. For instance, the
first material layer of the silicon-rich trapping layer 16, such
as the silicon nitride layer, is preferably used as a fence to grab
onto the charges entering the silicon-rich trapping layer 16
much more easily while preventing leakage of the trapped
charges. The second material layer, such as the aforemen-
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tioned silicon-rich SiN layer or silicon-rich SiON layer of the
silicon-rich trapping layer 16 preferably provides more trap-
ping sites while serving as a core layer for trapping charges.
The silicon-rich oxide layer 24 of the present invention also
possesses more trapping sites similar to the silicon-rich SiN
layer and silicon-rich SiON layer of the silicon-rich trapping
layer 16, hence that charges would be trapped more easily as
well as released more easily. By placing the silicon-rich oxide
layer 24, the charges entering the top portion of the nitrogen-
containing layer could be released out of the device much
more easily. Overall, by using the aforementioned silicon-
rich trapping layer and silicon-rich oxide layer, efficiency of
the current SONOS device on trapping charges as well as
retaining charges could be improved significantly, and the
performance of the device is also increased substantially.
Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What is claimed is:

1. A method for fabricating silicon-oxide-nitride-oxide-
silicon (SONOS) device, comprising:

providing a substrate;

forming a first oxide layer on the substrate;

forming a silicon nitride (SiN) layer on the first oxide layer;

performing a first silane soak process;

injecting ammonia and silane for forming a silicon-rich

SiN layer on the silicon nitride layer;

forming a nitrogen-containing layer on the silicon-rich SiN

layer;

forming a silicon-rich oxide layer on the nitrogen-contain-

ing layer; and

forming a polysilicon layer on the silicon-rich oxide layer.

2. The method for fabricating SONOS device of claim 1,
further comprising:

performing an ammonia soak on the first oxide layer; and

injecting ammonia and silane for forming the silicon

nitride layer.

3. The method for fabricating SONOS device of claim 1,
further comprising performing a microwave plasma-en-
hanced chemical vapor deposition (PECVD) process for
forming the silicon nitride layer.
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4. The method for fabricating SONOS device of claim 1,
further comprising:

performing the first silane soak process under plasma off

on the silicon nitride layer; and

injecting ammonia and silane with plasma on for forming

the silicon-rich SiN layer.

5. The method for fabricating SONOS device of claim 1,
wherein the nitrogen-containing layer comprises a silicon
nitride layer.

6. The method for fabricating SONOS device of claim 1,
wherein the nitrogen-containing layer comprises a silicon
oxynitride layer.

7. The method for fabricating SONOS device of claim 6,
further comprising:

performing a second silane soak process under plasma off

on the nitrogen-containing layer; and

injecting ammonia, oxygen, and silane with plasma on for

forming the silicon-rich oxide layer.

8. The method for fabricating SONOS device of claim 1,
further comprising forming a second oxide layer on the sili-
con-rich oxide layer before forming the polysilicon layer.

9. The method for fabricating SONOS device of claim 1,
wherein the first silane soak process comprises conducting a
helium (He) pre-clean process at a temperature greater than
300° C.

10. The method for fabricating SONOS device of claim 1,
wherein the first silane soak process is performed under atmo-
spheric or sub-atmospheric environment in the same cham-
ber.

11. A method for fabricating silicon-oxide-nitride-oxide-
silicon (SONOS) device, comprising:

providing a substrate;

forming a first oxide layer on the substrate;

forming a silicon nitride (SiN) layer on the first oxide layer;

performing a first silane soak process;

injecting ammonia, oxygen, and silane for forming a sili-

con-rich SiON layer on the silicon nitride layer;
forming a nitrogen-containing layer on the silicon-rich
SiON layer;

forming a silicon-rich oxide layer on the nitrogen-contain-

ing layer; and

forming a polysilicon layer on the silicon-rich oxide layer.
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